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INTRODUCTION 
In a previous paper (1) the function of some of the side chains of the porphin 
compounds was studied by utilizing the fact that certain strains of Heraophilus 
organisms required heine for growth.  The present paper deals with the quanti- 
tative aspects of the growth of this group of organisms as affected by several 
iron porphins.  Several substances have been found to potentiate the activity 
of the iron porphins and the mode of action of these substances has been dis- 
cussed.  The porphin requirement of one of these organisms during anaerobic 
growth has also been investigated. 
Methods 
1.  Organlsms.--All  the hemophilus strains that have been studied have required 
coenzyme I.  The Turner strain of H. influenzae was procured from Dr. C. L. Hoag- 
land of the Rockefeller Institute.  The various smooth types of H. influenzae were 
supplied by Dr. H. E. Alexander of Columbia University and by Dr. E. G. Stillman 
of the  Rockefeller Institute.  The H.  parainfluenzae strains  (including  the  strains 
Sibley, Fiddes, Langan, Leiter, Ogilvie, Paine, and Riley) were also procured from Dr. 
Alexander except for ATC No. 9796 which came from the American Type Culture 
Collection. 
2. Basal medium for growth of H. influenzae.--The basal medium was similar to 
that described by Lwoff (2) and was prepared as follows:  To make 1 liter, 20 gm. 
proteose-peptone (Difco), 6 gin. NaC1, 2 gin. KNOs were added to 1 liter of water and 
boiled vigorously for  10 minutes.  The pH was adjusted  to 7.4.  One hundred  mg. 
of sodium hydrosulfite were added with rapid stirring.  The hot medium was filtered 
through paper, dispensed in convenient sized Erlenmeyer flasks,  and autoclaved for 
20 minutes at 15 pounds pressure.  If a  slightly turbid medium resulted due to in- 
sufficient  preliminary boiling it was refiltered and reautoclaved.  The hydrosultite 
was added because, as we will show later, the organisms grew better on media that 
had been treated with a reducing agent.  This hydrosuliite-treated medium was uti- 
lized in all the experiments reported. 
* This is the second of a series of studies on porphins and related compounds. 
:~ The following nomenclature will be used for the purposes of this paper: porphin = 
porphyrin; heine  =  ferrous or ferric porphin. 
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3.  The co~azyme I  was  prepared by the method  of Williamson and  Green  (3). 
Tested spectrophotometrically by the extinction of its reduced form at 340 m# it was 
found to be 12 per cent pure. 
4.  The porpMn compounds were prepared as described in the previous publication 
(1). 
5.  The p~rphin  solutions for addition to  the medium were prepared as follows. 
The crystalline porphin was weighed out and dissolved in a  solvent containing one 
part ethyl alcohol to one part 0.04 ~ aqueous KOH to make a stock solution contain- 
ing 500 5" of the porphin per cc.  From this stock solution dilutions were made con- 
taining 50, 5, and 0.5 5" per co. in aqueaus 0.02 N KOH.  The Hemophilus organism 
could tolerate an alcohol concentration of 1.5 per cent, and occasionally no depression 
of growth was noted in 2 per cent alcohol.  The maximum concentration of berne or 
porphin that could be added was limited by the alcohol content and was about 15 5" 
per cc.  The alkali was used because the porphins are much more soluble in the form 
of their salts.  The buffering capacity of the medium was such that the added alkali 
increased the alkalinity of the final culture by less than 0.1 pH unit. 
The porphin solutions were not stable.  It was found that  the activity of iron 
porphin solutions, especially of iron protoporphin, rapidly decreased.  Solutions of 
protoporphin and the other porphins did not deteriorate quite as rapidly but for precise 
work it was necessary to prepare the solutions fresh immediately before use, or to 
dilute them from the 500 5" per cc. stock solution.  Even the stock solutions in 50 
per cent alcohol were observed to deteriorate within 2 weeks. 
6. Procedure.--To  determine the effect of the porphins  the following procedure 
was utilized.  Four co. quantities of the basal medium were pipetted into a  series of 
test tubes.  Coenzyme I  was added, two to five times in excess of that required for 
optimum growth.  In most of the experiments this consisted of 0.2 cc. of a  solution 
containing 4 5" per co. of the 12 per cent pure preparation of coenzyme I.  Thus 0.019 
5" of pure coenzyme I was present per co. of medium.  The solution of iron porphin or 
of the porphin to be tested was added in a series of appropriate dilutions to one set of 
tubes and as a standard iron protoporphin or protoporphin was added to another set. 
The volume was brought to 4.9 co. with saline, and inoculated with 0.1 cc. of a culture 
prepared as described below.  The  cultures were  incubated at 38°C. for  18 hours. 
6  (a)  The inoculum was prepared from a 6 hour culture inoculated from a 24hour 
culture grown on the same medium; i.e., the basal medium containing 0.019 5" per c¢. 
of coenzyme I  and 1 5" per cc. of iron protoporphin.  After 6 hours' incubation the 
culture was turbid.  It was diluted 1 to 50 with basal proteose-peptone medium, and 
0.1  cc. was inoculated into each test tube.  This method of preparing the inoculum 
had  the following advantages:  (1)  it was reproducible; (2)  it contained a  constant 
small but effective number of organisms in the rapid stage of growth (the number of 
organisms in the inoeulum averaged 1  X  107);  (3)  the heme content was very low, 
0.002  5" of heme, not including that in the organisms themselves, being added in the 
0.1 cc. inoculum; and (4) it gave a typical growth with known concentrations of heine 
and coe  .nzyme under aerobic conditions. 
Some strains of Hemophilus required more organisms in the inoculum and in such 
cases the 6 hour culture was sedimented, washed once with the basal medium by centri- 
fugation, and then diluted one to ten.  The heme added with the inoculum was still 
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6  (b) Evaluation  of the growth of the organism.  The growth-supporting powers of 
the porphins in solution were compared by measuring the turbidity of the resulting 
cultures,  and also by determining  the amount of nitrate  reduced to nitrite by the 
organisms. 
A  gross evaluation of the  turbidity was made by observing the tubes visually. 
Turbidimetric readings were also made by measuring in a  1 cm. cell the intensity of 
transmitted light on the Beckman spectrophotometer at a  wave length of 380 m#. 
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FIG.  1. The proportionality between the dilution of a  suspension of H. ir~fluenzae 
Turner and the extinction at 380 m# as measured in a Beckman spectrophotometer. 
In order to remove the substances in the medium which absorb in this region, especially 
the porphin compounds added in varylng amounts, the cultures were packed by centri- 
fuging, the clear supernatant poured off, and the sedimented organisms resuspended 
in 6 cc. of the basal medium.  The medium alone was used as the blank.  In the case 
of experiments  with  ferrous ammonium sulfate,  the  colloidal ferric hydroxide was 
dissolved in acid before centrifuging.  Turbidity measurement of tubes  containing 
MnO~ was feasible since this insoluble substance settled out rapidly and the culture 
could be decanted; in this case the blank was the medium plus MnOv  The spectro- 
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were higher at 400 m# than at  380 m# indicated  that porphins were vitiating the 
readings. 
In order to discover whether turbidity thus measured was directly proportional to 
the numberof organisms present, a heavy suspension of H. influemaewas diluted, roiled, 
and turbidity readings taken at various dilutions in the  1 cm. cell of the Beckman 
photoelectric spectrophotometer.  Fig.  1 represents  the  results  of such  an  experi- 
ment.  It can be seen that there is a linear relation between the number of organisms, 
shown as the fraction of the original emulsion, and the extinction coefficient at 380 mp. 
The colorimetric method for the determination of the nitrite produced by the or- 
ganisms is the modification by Hoagland (4) of the Shinn method (5). 
7. Procedure for  anaerobic conditions.--In  a  few  experiments  anaerobiosis  was 
established by the use of a Brewer jar using hydrogen and a catalyst to remove the 
last  traces of oxygen.  In most of the anaerobic experiments  oxygen was removed 
with a pyrogallol-alkali mixture.  The procedure was as follows: A layer of pyrogallol 
crystals was placed on the bottom of a  large desiccator with a  beaker of 2 ~  alkali. 
The test tubes containing the organisms were placed in a rack in the desiccator.. The 
desiccator was then evacuated and filled with purified nitrogen three times.  At the 
last filling the nitrogen was held at a  pressure of 10 cm. Hg.  The alkali was then 
tipped onto the pyrogallol.  Only a  faint tinge of brown appeared,  indicating that 
only traces of oxygen were present.  A leak, if it occurred, could be readily detected 
by the darkening of the pyrogallol.  The desiccator was placed in the incubator for 
the specified time.  Before opening, it was brought to atmospheric pressure by filling 
with  nitrogen. 
EXPERI~fENTS 
I.  Porphin Requirements of Hemophilus influenz.ae 
Several  types  of H. influemae  have  been  recognized  on  the  basis  of mor- 
phology and certain  metabolic  characteristics,  including  their requirement  of 
one or both of the growth factors, X  and V.  The X  factor is a heat-stable com- 
pound associated with blood pigments.  The V factor is heat-labile and is found 
in yeast and fresh animal and vegetable tissue.  The typical H. influenzae  re- 
quires  both factors.  Another group referred  to as H. parainfluenzae  requires 
only the V factor, and a  third group requires only the X  factor.  It has been 
shown that the X  factor can be replaced by iron protoporphin and that the V 
factor can be replaced by coenzyme I  or coenzyme II (6, 7). 
The use of a simple medium, that is, proteose-peptone, which we have found 
to be free of berne, and the availability of pure heme and relatively pure coen- 
zyme, have made it possible to reclassify the rather heterogeneous group known 
as H. parainfluen~e.  This was impossible in previous work where this group 
of organisms was isolated from throat washings in medium which included yeast 
extract as a  source of coenzyme I. 
(a)  Itemophilus  parainfluen~ae.-- 
Only five  of the  eight  strains  purporting  to  belong  to  the  parainfluen~ae 
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on  our basal  medium  without  the  addition  of iron protoporphin  (Table I). 
The other three, Paine, Riley, and ATC No.9796, could not be grown without iron 
protoporphin and  therefore should be consigned to the H. influenzae  group. 
It is probable that sufficient heme had been present in the yeast added to the 
medium used for isolation of these strains to permit them to grow. 
The five strains  of true H. parainfluenzae  grew without  heme.  This was 
shown by passing them 15 times in serial transfer in proteose-peptone medium 
containing an excess of coenzyme I,  The inoculum in each case was 0.2 cc. of 
TABLE  I 
The Abil~y of Various Porpkin Compounds to Support Growth ~  r St~eral Strains of Homopkilus 
Organism 
H. pttruln./h~tt~t 
Sibley 
Fiddes 
Langan 
Leiter 
Ogilvie 
H. i,flutnzae 
(rough) 
Turner 
(smooth)  Types 
a,b,c,d,e,! 
H. influ~sat 
Paine 
Riley 
ATC No. 9796 
Iron 
proto- 
porphin 
Not re- 
quired* 
(reduces 
NOt) 
0.01-0.10 
(reduces 
NO,) 
0.10-0.20 
(reduces 
NO,) 
1.0-2.0 
(reduces 
NO,) 
ProtO- 
porphin 
Not re- 
quired* 
(reduces 
NO,) 
0.01 
(reduces 
NO,) 
0.05-0.10 
(reduces 
NOd 
0.1-0.2 
(reduces 
NO,) 
Iron 
deutero- 
porphln 
Iron 
meso- 
porphin 
Iron 
hemato- 
porphin 
~,/cc. for +-I--b growth 
Not re* 
quired* 
0.2~-0.~ 
0.10-0.50 
No 
growth 
: Not re- 
quired* 
0.01-0.05 
0.05-0.10 
No 
growth 
>1.2 
1.0-2.0 
No 
growth 
Hemato- 
Meso-  and 
porphin  dentero- 
porphln 
O.OOS-O,O1  No 
(more in-  growth 
hibits) 
No  No 
growth  growth 
No  No 
growth  growth 
* Except when inoenlum is small. 
the 5  cc. culture of the previous day, or approximately 2  X  10  s organisms. 
Growth was excellent in all the tubes of the series, although it varied somewhat 
from one strain  to the other. 
If the sizeof the inoculum was decreased, that is to 0.2 cc. of a  1/50 dilution 
of a  6 hour culture (approximately 2  X  106 organisms), no  growth occurred. 
However, if iron protoporphin or iron deuteroporphin was added to the medium, 
growth occurred, even with the smaller inoculum.  The explanation for this 
phenomenon was suggested by further experiments.  It was found that sub- 
stances other than  iron  porphins  had  a  similar  effect in  permitting  growth 
of the small inoculum.  Such substances included ferrous ammonium sulfate, 
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stances have one property in common: they destroy hydrogen peroxide either 
by reducing  it (i.e.  ferrous  ammonium sulfate and sodium dithionite) or by 
catalyzing its decomposition (i.e. catalase and Mn02).  The destructive action 
of H~02 on heine compounds  is well known.  It is  therefore  suggested  that 
these substances made possible the growth of small inocula of H. parainfluemae 
by decreasing  the rate  of destruction  of the small  amounts of heine being 
produced by the organisms.  As these organisms continued to multiply they 
would develop a reducing  environment and thus protect the heme that was 
being  produced. 
Attempts were made to train the strain 1t. parainfluenzae  Sibley, to require 
heine by repeated passages  on  media  containing heme.  This  was  not ac- 
complished. 
(b) Hemophilus influenzae, m 
A number of organisms of the H. influenzae group were studied.  From their 
porphin requirements they may be divided for convenience into three subgroups 
(Table I). 
1.  H. influemae Turner.--This  organism was a rough strain which was car- 
ried for years by biweekly transfers on chocolate agar.  It was better adapted 
to growth on proteose-peptone medium than any of the other organisms studied. 
Iron protoporphin, protoporphin,  and the iron porphin compounds of meso-, 
hemato- , and deuteroporphin, all supported its growth.  The organisms re- 
duced nitrate to nitrite only in the presence of a vinyl-containing  porphin; i.e., 
protoporphin or iron protoporphin.  The compounds, hematoporphin, deutero- 
porphin, and coproporphin  not only did not support growth but actually in- 
hibited the growth of the organism.  A peculiarity of the Turner organism 
which  differentiated it from the other 11emophilus  influenzae  organisms  was 
that low concentrations of mesoporphin (0.01 to 0.05 ~, per cc. of medium) sup- 
ported its growth.  Higher concentrations of mesoporphin  however inhibited 
its growth.  These phenomena were discussed in a previous  paper (1).  The 
quantitative aspects  of the growth of this organism  on various porphins  is 
considered  below. 
2.  H. influenzae Smooth Types a, b, c, d, e, and f.--The smooth types of the 
H. influemae group have been classified on the basis of their antigenic properties 
(8).  We examined representatives of the six known types and they had identi- 
cal porphin requirements.  They differed from the rough Turner strain only 
in the fact that mesoporphin did not support their growth at any concentration. 
This difference could not be attributed to the smoothness of the organism per 
se, since when two of the smooth strains, types c and d, were changed to rough 
by serial  passages  on medium containing homologous  serum, 1 mesoporphin 
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would still not support growth at any concentration.  None of these smooth 
types grew as well on the proteose-peptone medium, nor from as small an in- 
oculum as did the Turner organism.  This possibly indicated slight differences 
in nutrient requirements among these organisms. 
3.  1t. influenzae Paine, Riley, and A TC No. 9796.--As was stated above, there 
were three strains in the group of 11. parainfluenzae  organisms which were found 
to require  iron protoporphin when grown on proteose-peptone  medium.  The 
porphin requirements of two of these strains,  Paine and Riley, were studied. 
Unlike  the other organisms  in the 11. influenzae  group  the vinyl-containing 
porphin compounds, protoporphin and iron protoporphin, were the only ones 
that supported their growth.  Evidently, the vinyl groups  of protoporphin 
were  essential  for some vital enzyme function in  these  two  strains.  With 
regard to the essential requirement of protoporphin or iron protoporphin, the 
Paine and Riley strains resemble  the flagellated  Strigomonas studied by the 
Lwoffs  (9). 
The data described above on the porphin requirements of the various strains 
of 11emophilus organisms have been summarized  in Table I.  The 11. parain- 
fluenzae group required no porphin unless the inoculum of organisms was small. 
The requirements of 11. influenzae  Turner were satisfied by a number of iron 
porphins,  by protoporphin, and by low concentrations of mesoporphin.  The 
smooth types differed from the Turner strain only in their inability to grow on 
mesoporphin.  The Paine and Riley strains of 11. influenzae  grew only in the 
presence of protoporphin and iron protoporphin. 
II.  Quantitative Studies of H. influenzae  Turner on Various Porphins 
The growth-promoting  porphins  and their iron complexes differ not only in 
the concentration of porphin required  for maximum growth of the o~anism 
but also in the amount of growth which is maximum for each compound.  The 
compounds also differ in their toxicity to the 11emophilus organisms in high con- 
centrations.  The evaluation of the effectiveness of the porphins  in promoting 
growth is complicated by their differences in solubility and in stability in solu- 
tion.  Besides this there are other factors, not at present subject to experi- 
mentation, such as the rate of penetration of the porphin into the organism, 
the rate of the incorporation of iron into it, the rate of utilization of the porphin 
to form a particular enzyme, and the rate of its destruction. 
The ability of the various porphins  to promote growth of 11.  influenzae 
Turner was compared.  The organisms were grown on different concentrations 
of the compounds  for 18 hours.  The amount of growth was determined by 
measuring the absorption at 380 m/~ in 1 cm. ceils in the Beckman spectro- 
photometer.  Fig. 2 illustrates one of these experiments.  Under the experi- 
mental conditions,  the extinction was directly proportional to the number of 
organisms  present  (see Fig.  1). 110  BEMOPHILUS  GROUP  OF ORGANISMS 
(a)  The Porphins.-- 
Protoporphin was the most effective compound in supporting growth, readily 
surpassing iron protoporphin in  this respect.  Evidence was presented in  the 
previous paper (1) showing that the organism inserts iron into protoporphin. 
Attempts  were  made  to  deplete the  medium  of iron  in  order  to determine 
whether protoporphin was acting in any other capacity than as iron protopor- 
phin for the support of growth.  Although several methods were utilized, in- 
iS 
.20 
a8 
zacm. 
.14 
.lg 
.10 
.08 
~  meeopoPphin 
,  ~'¢ p~otopot,  phin 
• Fe deut#~o- 
re heznoto- 
.~  .02  .0~  .04  .05  .06  .07  .06  .09  ,10 
Concentz,  gttion of poz,  phin~  (•/cc. of medium) 
Fro. 2. The extinction turbidities of H. inflummze. Turner grown for 18 hours on a 
proteose-peptone medium containing various  concentrations of porphins. 
cluding alkalinization of the medium, coprecipitation with calcinm phosphate, 
dithizone and 8-hydroxyquinoline  extraction, dipyridyl addition, and treatment 
with H+S, the organisms grew in the presence of protoporphin as well as in the 
presence of iron  protoporphin.  Some  of  these  media,  for example  the  one 
treated with H2S,  were toxic and inhibited growth in  the presence of proto- 
porphin, as well as in the presence of iron protoporphin.  Iron protoporphin 
could  always  be  identified  in  the  organisms  grown  on  protoporphin.  It  is 
probable that  the proteose-peptone medium clings to  the iron too avidly to 
permit the removal of the traces which are sufficient for the synthesis of iron 
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Mesoporphin  was the only non-iron porphin  other than protoporphin which 
supported growth.  As the quantity was increased, growth reached a maximum 
at a concentration of 0.02 7 per cc., then growth decreased and the compound 
became inhibitory  above 0.1 "r per cc.  Frequently, although not in this particu- 
lar experiment, the slope of the curve at low concentrations was similar to that 
of protoporphin at the same concentrations.  This suggested that the stability 
and the permeability of protoporphin and mesoporphin were of the same order. 
(b)  The Iron Porphins.-- 
Iron protoporphin was not as effective as protoporphin in supporting growth. 
This difference may be related to the relative ease of destruction of iron proto- 
porphin as compared with protoporphin by I-~O~.  For example, a dilute solu- 
tion of heme in 50 per cent alcohol was rapidly destroyed by 0.3 per cent H~O, 
whereas  a  similar  protoporphin solution  remained unchanged.  Iron  proto- 
porphin is known to have peroxidase activity.  When protoporphin was mixed 
with iron protoporphin and the mixture treated with H~O~ both the iron proto- 
porphin and the protoporphin were destroyed. 
In suboptimal concentrations  iron mesoporphin  supported more growth than 
did iron protoporphin.  However, when the compounds were supplied in excess, 
the maximum growth supported by the vinyl-containing porphyrins was always 
greater than the maximum growth supported by iron  mesoporphin.  This is 
not shown in Fig. 2 since maximal growth on heine was not attained at the con- 
centration of 0.10 7 per cc.  Iron deuteroporphin  was less active than iron meso- 
porphin, and iron hematoporphin had only one-tenth the activity of iron proto- 
porphin. 
The differences in the behavior of the various iron porphins are probably not 
due to differences in solubility or stability.  A more reasonable explanation is 
that these  compounds  function with relative degrees of effectiveness on the 
apoenzyme surfaces.  The attainment of a much greater maximum growth with 
the vinyl-containing porphins  suggests that although the vinyl groups are not 
essential for growth of the organism, they may be essential for the formation of 
some particular enzymes which aid in attaining maximum growth. 
(c) The Potentiating Activity of Some Substances on the Growth of H. influenzae 
Tf3rn~r.-- 
The toxic effect on microorganisms  of hydrogen peroxide  and of too high 
concentrations of oxygen has long been  known (13).  The growth of many 
organisms is improved  by the addition of reducing  substances  to the media. 
In the case of the influenza bacillus the effectiveness of such substances seems to 
depend at least in part on their ability to protect heine from destruction. 
A number of substances, when added to the medium containing iron porphins 
in  suboptimal  concentrations were  observed  to  enhance  the  growth  of  H. 112  HEMOPHILUS  GROUP  OF  ORGANISMS 
influensae  Turner.  The  protective  effect  of  crystalline :catalase  and MnO= 
powder on the growth-promoting properties of the four iron porphins is shown 
in Fig. 3.  The catalase was sterilized by filtration and added in a  concentration 
of 0.1 ~, per cc. of medium.  This amount contained 0.001  7  of heine, a  con- 
centration which was too low to support growth or to improve growth notice- 
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FI6. 3.  The enhancement of growth of H. influenzae Turner on iron porphins by 
catalase and manganese dioxide. 
ably.  The action of catalase in improving growth on iron porphins was de- 
stroyed by boiling.  The manganese dioxide was added  to the medium in a 
concentration of 8 rag. per cc. before autoclaving.  At this concentration the 
greater part of the MnO2 did not dissolve and settled out rapidly to the bottom 
of the  tube. 
Fig. 3 shows the 18 hour growth represented in extinction units of turbidity on 
the ordinates and the concentration of iron porphins on the abscissa in 7per cc. 
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was increased by catalase and manganese dioxide.  Catalase was superior to 
manganese dioxide in this effect.  In contrast to the effect on the iron-contain- 
ing porphins, catalase did not enhance the growth on protoporphin, and MnOs 
appeared to depress ~he growth on protoporphin.  This depressant effect is 
still  to be explained.  The ability of catalase  and  MnO~  to potentiate  the 
growth-promoting power of the iron porphins may be most readily explained 
by the activity which they have in common of catalytically decomposing H~O~. 
Several reducing substances were found to improve growth.  Ferrous am- 
monium sulfate in a concentration of 10 T per~cc, improved growth in an iron 
protoporphin-containing medium and tended to raise it to the level of a pro- 
toporphin-containing  medium.  The growth  on iron porphins  was  also  im- 
proved by treating the medium before autoclaving with sodium dithionite at a 
concentration of 100 T per cc.  It is probable that these reducing substances 
destroyed peroxides which were either present in the medium or which devel- 
oped during the growth of the organism.  It appears that a reducing agent to 
be effective must not only reduce H202 in the medium but must also be able to 
reduce the H20~ formed during the autoxidation of the reducing agent itself. 
This is perhaps the reason why ascorbic acid proved to be ineffective in pro- 
tecting iron protoporphin.  The addition of glucose or sodium bisulfite to the 
medium did not improve growth,  Cysteine (0.04 to 0,2 mg. per cc. of medium) 
and thioglycollic acid  (1.8 mg. per cc. of medium) were slightly toxic.  The 
medium treated with H~S prior to autoclaving was very toxic. 
The inhibitory effect of H20~ was determined directly by adding  H~O2 in 
known concentrations to the medium.  When the organisms were incubated 
for 18 hours with 0.05 ~, of iron protoporphin per cc. of medium in the presence 
of H~O~, it was found that H202 in a concentration of 1.4 X  10  -~ ~ in the medium 
was markedly inhibitory and that 1.4 X  10  -e ~  depressed growth by 25 to 50 
per cent.  If iron protoporphin and H20~ were added to the proteose-peptone 
medium and incubated for an hour before the organisms were inoculated, then 
a marked inhibition of growth was observed at a concentration oil.4 X  10  ~  M 
H20~.  If the inoculum of organisms  was  increased  tenfold growth  was  de- 
pressed by a concentration of 1.4 X  10  -5 ~  H202, but not by a concentration of 
1.4 X  10  -s M H~O~.  No inhibitory effect of H202, in the highest concentration 
used(i.e.  1A  X  10-5MH202), was observed on the growth of the organism if 
protoporphin was used in place of iron protoporphin. 
(d) Biological Assay of Porphins.-- 
The survey of the porphin requirements of the Hemophilus organisms (Table I) 
and the quantitative studies of growth as related to the concentration of the 
various porphins (Fig. 2)  suggest that they may be adapted to a  method for 
the assay of the porphins.  Such a method would be ten to one hundred times 
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such as protoporphin or iron protoporphin,  could be distinguished  from the 
other tetrapyrroles by the ability of these organisms to reduce nitrate in  the 
presence of these compounds.  The strains Paine and Riley could also be used 
for this differentiation since they grow only on protoporphin or iron protopor- 
phin.  Mesoporphin can be identified biologically by the fact that the Turner 
strain  grows  in  the  presence of low  concentrations of  this  substance.  The 
method  is  at  present  serviceable for  the  identification of  certain  porphins. 
Unfortunately it cannot be applied quantitatively directly to biological ma- 
terials containing mixtures of porphins without preliminary separations which 
are tedious and in themselves are not particularly quantitative. 
III.  Iron Protoporphin Requirements of H. influenzae  Turner  under 
Anaerobic  Conditions 
Several authors have reported that under anaerobic conditions H. influenzae 
could grow in the absence of heine (10-12).  When the V factor was supplied 
as potato  water,  it  was  found  that  such  organisms  grew  well anaerobically 
without added heme.  Few organisms could be grown anaerobically without 
added heine if the V  factor was supplied as a  vitamin B  yeast concentrate. 
The above experiments do not rule out  the possibility  that heme might  be 
required for anaerobic growth since it is probable that the potato water con- 
tained  heine  and  that  the  yeast  concentrate  also  contained  traces  of 
heme.  In a reinvestigation of this problem, using H. influenzae  Turner, this 
claim of anaerobic growth in the absence of heine was not confirmed. 
Several  considerations  are  of importance  in  these  experiments.  The  or- 
ganisms  which  require heme anaerobically, have a  lower heine requirement 
under  anaerobic  than  under aerobic conditions.  (This  is  understandable  if 
one recalls the rapid destruction of heine aerobically by peroxidative fission of 
the ring (14).)  Furthermore, serial transfers are required in order to eliminate 
the traces of this factor in the initial inocnlum.  In this group of organisms 
one must consider, in addition, not only the traces of heine that might be present 
in the original media as impurities, but also traces that were possibly elaborated 
by organisms of the Hemophilus  group themselves (i.e. traces of heine too low 
to support growth except under special conditions). 
Table II summarizes an experiment dealing with the question of whether the 
Turner organism specifically requires heine when grown anaerobically.  Anaer' 
obiosis was effected by two reliable means (see methods above).  The ifioculum 
for the first experiment, No. 1, was 0.1 cc. of a 6 hour culture grown on 0.02 ~, 
per cc. of heme.  The inoculum for experiments 2 and 3 was 0.1 cc. of a culture 
containing 0.1 ~Z per cc. of heine from the previous experiment. 
In order to prove that these inocula, grown anaerobically, were viable and 
would survive the time required for inoculation transfer under aerobic condi- 
tions, duplicate samples of the inoculum were tested for viability by incubating 
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excess heme was added.  If the organisms grew out, one could conclude that 
the aerobic transfer of the inoculum from one anaerobic experiment to the next 
was not the cause for the absence of growth. 
The table shows that in the first passage (No.  1)  the organisms grew anaer- 
obically without  added  heine.  In the  second passage  (No.  2)  there  was  no 
growth unless heine was added.  Likewise in  the third passage  (No. 3) heine 
was required  for anaerobic growth.  This  experiment  indicates  that heine  in 
small amounts is required for anaerobic growth.  The relatively large amount 
of heme needed  aerobically is due in part at least  to the instability  of heine 
under  aerobic  conditions. 
TABLE II 
The Necessity of Heine for Successive Passages of H. influenzae Turner under 
Anaerobic Conditions* 
Anaerobic passage 
No.  Incubation time 
]/,$. 
28 
50 
72 
Turbidity in media containing heine in a concentration  of: 
0  'y/CC  • 
0.087 E 
0.00 
0.00 
0.01 qdcc. 
0.088 E 
0.054 
O. 055 
O.lO .y/co. 
0.094 E 
0.075 
0.045 
* All experiments were run in triplicate.  All tubes were evacuated and filled with Nt 
before inoculation.  All tubes contained 4 cc. proteose-peptone  -k- 0.3 cc. coenzyme I (0.0283, 
of pure compound),  diluted  with saline to final volume of 5 cc.  Controls,  run without 
coenzyme, showed no growth as was to be expected if the cultures were  not contaminated. 
During transfers the cultures were exposed aerobically for less than 20 minutes  before they 
were returned  to anaerobic  conditions.  Turbidity was measured by determining extinction 
of suspension of organisms at 380 ra# and 1 cm. light path. 
The turbidity extinction at a  concentration of 0.1 7  of heme per cc. in the 
anaerobic experiment  illustrated  above was in the first passage 0.094,  in  the 
second  passage  0.075,  and  in  the  third  passage,  0.045.  Aerobically  with  a 
similar  optimum  concentration  of heine  the  extinction  varied  between  0.120 
and 0.220 in many experiments  and  there  was of course no decline  on serial 
passage.  It is obvious therefore that anaerobic growth is not only much poorer 
but that there is also a likelihood that the organisms would not have survived 
many more anaerobic  passages.  At any rate  the fact that heine  is required 
by this organism in order to grow anaerobically has been demonstrated.  These 
experiments  also  show  that  some other  factor or factors limit  growth  under 
anaerobic conditions. 
DISCUSSION 
The  classification  of the  ltemophilus  orga~aisms  into  those  requiring  heme 
(H. influenzae) and those not requiring heine (//. parain~uenzae)  suggests that a 116  HEMOPI4ILIFS  GROUP  OF  ORGANISMS 
sharp division between these two groups might have been brought about by a 
genic loss of some metabolic step necessary for the synthesis of heine. 
Those organisms  which  can grow  without added heme presumably make 
their own heine,  the level of heme in a cell being dependent upon the rate of 
heme synthesis and the rate of its destruction.  If the level of heme were rel- 
atively slight in some strains of H. parainfluenz~e it might happen that these 
strains might appear to require  heine for growth under certain experimental 
conditions  and not under other conditions.  Such  strains have been found. 
When factors in the medium were present to diminish the rate of heine destruc- 
tion these organisms were found to grow without added heine. 
It appears from the above experiments that traces of peroxides are constantly 
being formed in culture media such as proteose-peptone  under aerobic condi- 
tions.  These peroxides are present in such minute amounts that they cannot 
be  detected readily by direct  chemical  methods.  Peroxides  are  known  to 
destroy heme almost specifically.  Agents or  conditions  which  destroy the 
peroxides  actually bring  about a  stimulation of growth by preventing  the 
destruction of heme.  Several seemingly unrelated phenomena are explained 
by the destructive action of peroxides on heine: (1) Reducing substances  such 
as hydrosulfite, ferrous ammonium sulfate, etc., stimulate growth.  (2)  Agents 
which destroy hydrogen peroxide such as catalase and MnO~ stimulate growth. 
(3)  Small  inocula  of H. parainfluenzae of certain types do not grow  unless 
supplied  with heine, whereas large inocula of the same types grow readily in 
media devoid  of added heme.  (4)  Much smaller  amounts pf heine  are  re 
quired for anaerobic  growth than for aerobic growth of H. influenzae Turner 
SUMMARY 
The porphin requirements  of the Hemophilus organisms have been studied. 
Organisms of the parainfluenzae group show quantitative differences in their 
ability to synthesize heine.  The ability of the parainfluenzae organisms  to 
grow appears  to depend on the rate with which they synthesize heine and in 
part at least on the properties  of the medium to protect the heine from per- 
oxidative breakdown. 
Quantitative studies of the growth of H. influenzae Turner on various iron 
porphins  have  been  made.  Iron  protoporphin  gives greatest growth  when 
supplied in excess, although iron mesoporphin  appears more efficient at lower 
concentrations.  Iron deutero- and iron hematoporphin are much less effective. 
This suggests that although the vinyl groups  are not essential  for growth of 
the Turner organism they may be required for some particular enzymes which 
aid in attaining maximum growth. 
A number of substances  potentiate the growth-promoting properties  of iron 
porphins.  These substances include reducing agents and agents which destroy 
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27. influenzae Turner appears to require heine for anaerobic as well as aerobic 
growth.  The possibility of an essential heme enzyme functioning under anaer- 
obic conditions must therefore be considered. 
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